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Mesoporous network electrode for electrochemical cell 



(54) 

(57) A high kinetics rate electrochemical ceil In 
which at least one of the electrodes is composed of a 
mesostructurat electroactive material is comprising a 
three-dimensional framework structure of mesoporous 
texture forming a bicontinuous junction of large specific 
surface area with the electrolyte. The electrode material, 
which is suited for reversible ion intercalation and for 
electronic transport, is penetrated by an interconnected 
porous space filled with electrolyte the latter serving for 
ionic transport. The three dimensional framework struc- 
ture of the electrode is designed in a manner to over- 



come impediment of ionic diffusion In the electrolyte en- 
countered with conventional high surface area elec- 
trodes and to provide interconnectivity, mechanical sta- 
bility of the solid phase as well as access of the electro- 
lyte to the entire pore space. A low temperature method 
of preparation of the electrodes employs a high-speed 
deposition of the electrically active material in the form 
of a thin film. The application of said electrodes in high 
power lithium ion insertion batteries, photovoltaic cells, 
supercapacitors and fast electrochrornic devices is dis- 
closed. 



Fig. 3A 
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Description 

FIELD OF THE INVENTION 



s [00011 Thblnventionrelatestoelectrodesforelectrochemlcal^ 

polymer electrolyte or the like and more particularly to porous electrode materials thereof, .e. anode or cathode, fea- 
Kng dfecrete doped or non-doped oxide, hydro-oxide or chalcogenlde nanoparticles. optionally together with mlcro- 

partlcles. In direct electrical and mechanical contact, that form a mesoporous network layer. 

When an electrolyte Is put in contact with this mesoporous three dimensional framework structure, rt torms b.wnt.n- 

10 uous Junction of very large surface area with the eleclroactive solid, that provide excellent hlgh-rate charge and dls- 
charae a hiah capacity, high cyclability characteristics and high reliability for the safety aspect 
SXiaSes to processesforobtaining flexible electrodes of mis type from the electrically acti^ materia. 
leScteTus^o in particular coatings at temperatures below 50» C of particles from a dispersed state mixed w.th low 
feveSwndTr 9 « 

" App^Ssfor these new porous electrodes include electrochemical devices e.g. high power batteries, photovoltaic 
cells, supercapacitors and fast electrochromic devices. 

DESCRIPTION OF PRIOR ART 

[00021 Electrochemical cells have used electrode active materials linked by sintering or bonding at high temperature 
of micrometer-sized particles In supercapacitor, photoelectrochemical and electrochemichromic appr.cat.ons. as well 

[oVoar^uropetn patenf application EP 0 709 906 A1 discloses a positive electrode composed of a sintered mass 
of lithium cobalt oxide, the mean particle size of the electrically active powder being 33 pm. The particles are pressed 
into pellets of 1.5 mm thickness by applying high pressure with simultaneous baking at 350 to 700 C. They report an 
Improvement In the resistivity when baking at the elevated temperature presumably due to a degree of s.nterlng wlth.n 
the active mass, thus improving somewhat the connectivity in the active material. 

T00041 U S Pat No 5.604.057 discloses a cathode comprising amorphous microporous, sub-mlcron-slze, lithium tn- 
tercalateable manganese oxide having an Internal surface area greater than about 100 m^/g Electrodes are fabricated 
bv mixing the oxide with a binder, containing optionally a conducting polymer and heating the compos.te matenat at a 
temperature up to 400 »C. The temperature was limited to this value to prevent crystallization of manganese oxide 
The high surface area and the amorphous nature of the active material structure proposed seem to increase the initial 
capacity of fabricated electrodes but the connectivity Is hindered. Interior connectivity of the particles Is poor and there- 
fore requires a binder and/or a conducting binder within the electrode fabrication mixture. Another d ravvback m e lecfrode 
construction with the amorphous material Is that the exposure to temperatures can alter Its structure by crystallizahon. 
limitina the reported benefits arising from its amorphous structure. 

100051 U S Pat No 5 211 933 and 5.674.644 disclose a method for the low temperature preparation of the sp.net 
LiMn,O a and layered'uCoOj phases prepared at temperatures less than400 «C using acetate precursors. The LiMn 2 0 4 
prde°;btaln^d comprises grains or crystallites ranging in size between 0.3 urn and 1 pm Pellets are ^pressec ^con- 
taining this powder and about 10% carbon black and used as positive electrodes .n lithium Ion batteries. The particle 
sizes claimed are rather large to expect to suit high rate discharge electrodes and connectivity wrthln the active .material 
particles is not ensured by special bonding; the conductivity Is enhanced by mixing in carbon powder to the achve 

TOOOeT' U S Pat. No. 5.700.442 discloses insertion compounds based on manganese oxide usable as positive elec- 
lode active material in a lithium battery, prepared by reacting (J-Mn 0 2 powder with a lithium compound at 150 to 500 
•C for an adequate time to convert these solid precursors to a spinel type. The specific surface of the resulting powder 
is below 7 m2/g. The large particle sizes, as deduced from the low specific surface area claimed here are not su.ted 
for hiah rate discharge electrodes. 

[00071 European patent application EP 0 814 524 A1 discloses a spinel-type lithium manganese complex oxide for 
a cathode active material of a lithium ion secondary battery. The average particle diameter is between 1 and 5 jim and 
the specific surface area between 2 and 1 0 m^/g. The large particle sizes, thus the low specific surface areas cla.med 

here, are not optimum for high rate discharge electrodes. fe 

100081 U S Pat No. 5.569,561 discloses a process In which nanoparticles are compressed In the form of pellets 
with carbon powder and a polymeric bonding material, then dried at 160*C for 12 h; this process yield ejectrodes, 
illustrated in FIG 2, in the form of brittle inflexible films, that are unsuitable for building conventual rolled-type battenes. 
With reference to FIG. 2. the electrode/ electrolyte Interface 23/29 of an electrochemical generator device 21 of previous 
art was limited to the low surface area of the electrode, wherein most of the accessible porosity of the electrode .s 
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Cogged by the caressed binder. Furthermore. «he active mass / electronic conductor interface 2*25 was partly 
Interrupted by particles ^^^^^^ descrlbes a process involving sol fl el precipitation and subse- 
^U^e^^^ 

Sla^ 

previous dye so.ar cel. disclosures, see ^^JPW ^ ^S^ erf0mianoe of , it h,um Intercalation 
While the advantages of employing a mesoporou s e« » nwf p ^» £ , s , , nvolved in tne prepB . 
batteries has been recognized In these earl.er disc, ostuesj ^ r ^^^7Xg barging and the rigid sintered 
ration ofetectrically active flln^capableosusfa,ningel^ 

interconnexion betweennanopanices.lmi.ngW 

temperature sintering step and such rigid interconnexion. 

SUMMARY OF THE INVENTION 

l0 01 0l Uhasbeenunexpected,yd^ 

sintered together by fusion or partial fus on ^ s LLrSat of a tnermally sintered layer, 

exhibits electrically active, ion intercalate an ^ "l^^SrT ran obtained from discrete solid nanopar- 

ISlf^ 

Eludes at least one porous electrode t^2S££^ on nanopartic.es in direct 

an interconnected binder network. . . nmvlrift methods for preparing layers having a mesopo- 

DEFINITIONS 

"macroporous". maU „ rnmDOSG d of periodic arrangement hexagonal or cubic 

chromophore. ,„ h tran «Hlon zone between (I) the active material of an 

[0018] The term -interface" is understood harem to mean he ^n^ ^f^ectrons The term "electronic" 

or liquid form of atoms, molecules or ions. 
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The term "sintering" used herein means genera.ly that discrete particles are partially fused to be bonded and form a 
single solid body where discrete particles can no more be distinguished. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0019} The features and advantages of the invention are further set out in the following examples, given by way of 
non-limiting example with reference to the appended drawings in which: 

FIG. 1 shows a schematic sectional view of prior art rough film dye-sensitized photoelectrochemical device made 
10 from sintered nanopartlcles; 
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FIG. 2 
FIG. 3A 



FIG. 3B 
FIG. 4 
FIG. 5 



FIG. 7 



FIG. 8 



from simerea nanopaiuweo, u„i»___ 
denlets a schematic sectional view of prior art composite nanoparticulate battery; 
JeS a scnemSc sectional view of a nanostructured eiectrode teyer according to the invention, with an 

fs7s« etctrode layer of the invention comprising a bimoda, 
ribbon wtm nanoparticles and porous mlcroparticles. coated on a flexible metallic current collector fo.l. 
shoiastS 

o^ols Sode iLyers. (3) the porous or mesoporous separator layer. (4.5) the current collectors, 
shows Lcltevottammograms of a mesoporous Ti0 2 deposited onto a copper foil, layer wrth alumina mes- 

EC:DMC 1:1. 1M U-imlde. Electrode: 4.5 micron T.02 with Alumina sepa- 
rator Total thickness: 9-1 0 microns sweep rate 20 mV/sec . sweep rate 1 0 mV sec 

Fir e shows examples of electrolytes and their electrochemical properties used In the cell descnbed above. 

snows raraeSscharge cycles of a cell composed of the electrodes under identical potem.a..scan «td 
Son eSoiyte. in anTssembled secondary battery. In order to demonstrate the *™«* 1" 
charoe/discharge performance of said mesoporous multilayer system T.O^ AI 2 O a /UCo0 2 hav ng TK> 2 
TmX* I™* ^SSh laminated separator layer in conjunction with LiCo0 2 as the active materia, for the 

shSfeSoV function at steady-stote currem of 

fion as given by the simulation model describing the electrolyte transport behaviour of 
oporoua cel.. as function of the thickness of the active layer of the electrodes, by means of the concentrate 
profiles of the Lf ions and the coupling anion species within a multilayer design. 

DESCRIPTION OF THE INVENTION 

100201 The following sections describe, in turn, the relevant aspects of mesoporous layer behaviour the electrode 
Sion^roSS and devices formation using the process of the invention. These are followed by descripfons of 
examples of the process and the resultant products. 
1. Mesoporous three dimensional network electrode structure and interfacing 
«o T0021 1 As compared to these known features of the prior art. the invention provides an electrochemical cell In which 
Son^oS 

hi Tmelhod which does not require the thermal sintering of the electrically active parties. 

transport between the negative and positive electrode of the electrochemical cell. .._ . . 

so Si ^^TmoVphology of the mesoporous electrode is designed to overcome the impediment of ,onlc diffusion .n 

ELreMeen^ 

mechanical stability and access of the electrolyte to the entire pore space is provided by the 

TZ inve'nUonlrovides an electrode having a large ion insertion capacity and high electric power density that makes 
« S^Srt" aS a ° r 9n0de h0Stl " 9 alka " " earth a,ka,i inSert '° n '° nS " 

S3 and of an 6 int^nnected network of mesopores. The electrically active solid can either be me 
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hostfor accommodating 

troactive dye. At the same time. * «^££2£i ^JlSS an Interconnected porous space filled 
troactive operations of the device Said ^'"^ °<*™ L*^ e TcharacterIred by the presence of an extremely 
with electrolyte, the tatter serving for Ionic transport. «^£d££iT»«l 30 oo m2/g electrode material, per- 
5 large interface between the solid and the, electrolyte 'TS^^S^mdt^ of the solid phase is 
mittlng rapid exchange of ions between h ° * o1 " with conventional high surface 

designed to overcome the impediment of Ionic d ffusw n J rtrtJJ^ ^ ^ 

conductivity of the electrode. 

2. Electrode and electrochemical device formation 
15 >. ,,• f««« «fo,,rh a mesoscooic morphology is obtained, for example, by 

[0026] A specific feature of the Invention is that the •""^^Tn^M* state In the form of a thin film. The 

from each other or to block the pores, but in a ^ah^ su ™='^ 
extending throughout me layer.Highmolec^ar^ 

network. The electrical contact between M paUN "V^^Saton of the particles would result In the inter- 
durlng the charging and discharging of the olecb^hemlcel dev cejsolatton o me p An 
ruption of charge percolation through the electr ode activ ^5^^^^ network of mesoscopic oxide 
tam finding of the present invention ^^^^^ISZ^^^ ** ***™ b » ° f the 
particles is effective without highelectric 
particles and the presence of the P^^^^JS^etool^ in the electrochemical devices feasible. 

I0 y 028] Thec^ofthefflmsonto^ 

active electrode w.thin a short time. ™» ™V* ""posed of mesoporous materials that can be fabricated at h.gh 
goai of the present invention to f^f ^w^b^Tpolymer under a mild heating, 

throughput at ambient temperature ^^J^^f^^ a volatile carrier that does not dissolve the 
10029] In the casting mixture preparation step mix Ing na "J**^ hexylene carbonate , oc- 

Lking polymer or dye for S^£SSS£t^^ is necessary for obtaining 

the molecular weight and/or concentration of the <*" ter . substrate (e.g.. a metallic or transparent 

l0 030] in the casting step, discrete particles can b ^^^^^XS^^erea coatings such 
conductive oxide electrode) by any method of ^g^^SSXSSS!^^ coating such as knife 
as patch die coating, slot or extrusion ^^J^SSX coating; spray coating; meniscus coating; spin 
over roll coating, forward and revere rol coating grayure coatmg p s £ processes; thermal printing 

resistant, has a low coefficient of therma expansion , s chemically- or radiation- curable polymers. 

Sr^rmo^S - be blended with or substitute previously mentioned no. 
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10 



15 



c.**, binders. They »„ » -««. « «J-J »— 

gjj-e^^ 

atives thereof, co-polymers thereof and blends ^reof. discontinuous mode on the 

,0033] The resulting Hexiblep^ 

final current collector, tospace each el «*^«*"" ^uttared or evaporated onto the electrode active material, 
with a current collector in the form of a mesh or ™ £ „ allows a ^ variety of materials to 

[0034] The main advantage of such Y^J^S ^^^SS-temfnated plastics mat are heat 
be employed as support for the current collector. n «" d ' n ^™!r t|ie e , ectroc hemically-acUve host material is 

their deposition onto a current collector rtrocant invpr ,ti on can be fabricated if wanted at temperature condi- 

plastic substrates. . Der f orm { n a electrodes made from discrete 
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[0036] ^soporouselectrodesoiman-umd^ 

according to the invention by film casting a coltoidat *>^ < J^K£r ^tgusL^rporatton. Germany. The 
containing ca 30 percent rutila and 70 percent anatas e ^^^^SSS^BCT analysis. An aqueous dis- 
mean particle size was 25 nm. and the specfic ^^e a f ea 45 m* ** e ^ b J 8dding p 0tye thy1eoe 

persion was prepared containing a we S^ntag^ % In TO, a ^^^ wasa ^J 2 ^ me&smanMn 
oxide (Fluke molecular weight tOO'OOO^The ^^^^JSEhyll* doctor blading technique 
that of Ti0 2 .The dispersion was ^ontoacower ^^^J^g a dry air stream at 60 -90 «C. The 

the mixture and the effectiveness of ambient ^ing of Une casl ^ ia , ,„ the (orm of a mesoS copic 

[0037] An electrode of this type hav.ng In rts <»™P°*"'° n "J??flS5 and may be used in both primary and 
'morphology provides a high anew s'uTa generlr is preferably one containing protons 

secondary electrochemical generators. The >^tr°fyt ' * IsTbTused According to a preferred embodiment, the 
or lithium ions. Other alkali or a.k f 0 ™ y eo f° satt / S ucha Sl e^fruoroborate.hexafluorophosphate. 
electrolyte contains lithium ions brought Into the form of one of rts a ens sucr i a m . (trlfluorosutfo- 

hexanuoUntimonate.hexafluoroarsenatemffuo^ 

nyl)methlde.trinuoromethanesulfonate.^uoroaceta^^ such as emlyene 

to the preferred embodiment, the . solvent 

carbonate, propylene carbonate, d.methylcarbonate dlethylca ™ . e t raf , uoro . pr opanol or mixtures of 
methoxy-ethoxy propionitrile. ««*»«r*^^ a soLnt for the lithium ion 

these solvents. Another P-*™JrJ£^ bis (trifluoro- 

containlng salt, such as methyl-ethyl-imldazol urn n ™°'° m f™" . m . anions . The material used for at 
suffony.) imide and corresponding ^ 

least one electrode in form of a mesoporous } ^^^Meomoo und with alkali or alkaline earth metals, thereby 
embodiment, this material Is chosen so as to ( ^"^^l^" a ^ mis type will be chosen for example 
providing a secondary electrochemical a^rator- An ^ gs N „ Q 

from the oxides or chalcogenldes of tran^lon metals or t^ According to the 

WO,. M0O3. Mn0 2 , L iy Mn 2 0 4 . HfO z . TIS 2 . WS 2 ,T<Se 2 ^^^[^ or ^l a 2 ' ode , depending on the elec- 
preferred embodiment of the Invention an ^^^^^^^^^ titanium dioxide in the form 
irica. activity of the electrode usee as he ^^^^^^^^otm^^,^^^ 
of anatase or rutile or in the form of a rmxture of the ^P°' ym °^o^ ^ ton the intercalation coefficient has a high 
in mesoporous form is prone to form an <^^ Q ^^^^^^ is made of lithium metal, the 
value between 0.6 and 0.8. For a cell n which y - -0.8 and I where the cou Thjs fe 

theoretical energy density is 400 Wh /kg assuming a mea r, value of the ^ei » vo t» ge ^ 
associated with a high value for the specific powjr. the .ate ^^^^^ state tonlC3 53 .56 
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mn^fii wh»n a n aipctricallv active compound also capable of inserting lithium ions is used for the other electrode. 
JSlJZESX^m SSL b a secondary (rechargeabie) generator of the "-eking chair type, the 
SSSrSL for the first time by M. Armand (Materials for Advanced Batteries D.W. Murph eta. 
^ Plenum pTesTN Y 1980. P 145). According to a preferred embodiment of the invention, the rockmg chair configu- 
ratio" ^SSSTtSS h he anatase structure as anode material, while Liy Mn 2 0 4 in amorphous or crystalline form is 
I foTtnc ^^atSe The e Li vM n 2 0 4 (y S 2) material disclosed by the invention is also present in he form of a mes- 
Z *oZ morphology yleWinfca hodes of high capacity, i.e. close to the theoretical maximum of 280 Ah kg-^The 
ove all capadN of such a TKV LLMn 2 0 4 rocking chair battery reaches up to 140 Ah kg-\ the average t* voltage 
SS£ Power dlnsTbased on the materia, densities 2000 to 3000 Wfe For such a T.O, / L ly Mn 2 0 4 
rockfng chair thin layer cell configuration power densities of 0.5 to 1.5 mW cmr* pm-i ™<^"°t gs who|e a|so 
[00391 The mesoporous electrode structure of the said cell configurator and the battery device as a whole also 
proSe for improved .oca. heat dissipation or exchange from the solid during high ^'V^tT^ureTS 
potentlally sensitive (active) materials of the battery from degradation, as exposure to extreme temperatures Is mlm- 

iSoi The mechanical strength of the electrode is enhanced by the presence of the polymer binder, leading to a 
Sraltoug'ness and robustnessofthe mesoporous n 

broking under the intense local pressure when the pores are filled with electroly e. and mo* ^^JJ- » 
support the strain and mechanical stresses resuiting from the volumetric e ^?^? t°w^,n!T X^r iert 
insertton/extraction process during the rocking chair battery operation, th.s particularly for the cathode. The later effect 
ZZ^Z^XZL Integrity on cell Idling, which produces enhanced cydabiiity as * 
Se material disintegration and discontinuity (decreased electrical connectivfiy '^^^^^^^ 
sequently, better solid phase connectivity is ensured with the above mentioned smaller sized particles or grains or 
rip<tcribed elemental structural units comprising the mesoporous electrode. 

?0mT 'Sous Son of the binder materia, renders it possible to achieve the desired sta WUngjM onjhe. 
film at a relatively low weight percentage. Thus the paste formulation employed here consists of over 90 percent active 
l^l^T^rMbeiW less than 10 %. The fact that films prepared with such low po ymer content are 
stato and d W anient activity as lithium Ion insertion electrodes Is particularly remarkable Mesoporous eec 
ZSZ SpaS by inventiona. sintering methods require the presence of significant amounts o™£™*^™ 
lo aTuorocarbon polymer material. The carbon reduces the electrical resistance of the film while the £*« 
a p.asttefeer. These materia* add weight to the battery reducing its electric energy dens-ty and power density. The 
present invention provides for an electrode that functions well without the addition of carbon and plastlczers. 
W042? A nTrther advantage of the present invention is that the porous Inorganic membrane separafing the two elec- 
K oHhe Ictrochemica. cel. as shown in FIG. 4. can be deposited Joint* with the electrically acuve iayer. which 

3S SfX 9 Sara^l^ng to the preferred embodiment of the invention, results In a parficle network that 
LnhaLsl e^Kttn kinetics as sufficient percolation paths are formed. The metal oxide I ^ayer density (^ md ^pore 
or future anhydrous electrolyte mass vs oxide mass ratio) can be controlled by solvent (e.g. water) d.lu .on of the ox.de 
d splrston 25 the agg^9a«on state (oxide mass vs water) of the precursor solution applied. The full connectivity of 
me ^r^^porous , spa« combined with the .ow tortuosity enables a lower porosity (higher achve mass to void (for 

40 electrolvte> ratio) to be more effective with respect to the electrolyte function I.e. Lr diffus.vity. 

W044] The Z proposed mineral electrodes instead of carbon or lithium metal offer safety in a batterydevlce as he 
risk of exptosl is vitally eliminated In the former case. The battery concept, as of the preferred embod.men of the 
inven inscribed above embodies the safety aspect by considering only non-water senslttve and low tox.clty ma- 
teStoreiec^odefabricationandforthe 

45 and esneciallv so at hiqh current rates, and require overcharge protection. 

»M51 A niter of laminated electrochemical cells such as depicted in FIG. 4 were prepared with compos.tions 
comprising ceramic nanomaterials and were tested for electrical and physical suitability of use. The fo.lowlng examples 
are Illustrative of such preparation and use. 

so EXAMPLE 1 Preparation of an aqueous titanium dioxide dispersion. 

[0046] 24 5 g of nanocrystalline T10 2 (P-25, mainly anatase) obtained from Degussa-Huls AG; Frankfurt am Main, 
Germany were dispersed in 1 70 g denized water at 40 *C by exposing the mixture to ultrasound fori several mmutes 
ThToH oHhe dispersion was subsequently adjusted to 4.5 by addition of aliquots of a solution of 1 weight percent 
55 KOH i J wat- Seatlnt with ultrasound was repeated and more water added to reach a final weight of 200g. The 
dispersion thus produced contained 12.5 weight percent TiQ 2 . 
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EXAMPLE 2 Preparation of the paste for the coating solution. 

[0047] 65.04 b of the dispersion prepared as described fcv ^^^XXZ^X^^^ 
gofdeionized water. Subsequently^ 

EXAMPLE 3 Costing of single layer 
EXAMPLE 4 Coating of superposed layers 

t 004 9] 14.5 g o, A.u C (containing 96.6 ^"SlT^ 

Main. Germany was dispersed at 25 »C .n 62.9 B^^J^^pJ^Sed (7.5 weight percent, degree of 

S^gJa fine, weight of 100 g and "£"5^ tg£S!£ as described in exampie 3 to give a 
This coating solution was cast at 40 -C onto the layer PJ^^/J^JJ^^ ^ from , he coating additives. 

and 0.78 g polyvlnylalcohol <PVA). 
EXAMPLE 5 

,„„*,, „ «— „, o. . t^^rrr.tTc.s^s^- 0 ^ 

densities above 21 0 Wh/kg. 
EXAMPLE 6 

,0051] The porosity of a typical electrode layer of 4 ^"^SJSS EES SSESS « 
Utimitedtobe between 30% to70%. by rnasstosurf^ 

of a multilayer configuration anode comprising 4.5 micron TO, ""J™^ * uch an P electrode is 9.10 m . 
prepared according to the method disclosed ,n Is composed from a 4.5 

This combination of anode active layer and -^^a^Lani^.Spftk*^ 

salt. The potential scan rates of 10 and 20 "M******" J"I5JL currents for Li- intercalation/extraction, as 
The presence of the alumina ^J^^^^^S^S^o^ layer. The incorporation of a 

rss: ss: s^rsir^Si. •» - c— °< - - insu,at,n9 

separator between anode and cathode, is de ^°" s ' r ^ rever8ibi , ity , n th e Intercalation kinetics in compar- 

,1 appears very distinctly for oursystem that a ^S^^^^SSi size to the nanometer range and 
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to the effective interconnectivity and mesoporous structure formation. 
EXAMPLE 7 



above secondary battery. The charge/discharge conditions are Indicated on the graph in FIG. 7. which s^ws tne 

position is EC:DMC 1:1 containing 1M |rthium-bis-<trifluorosulfonyl) lm.de salt. 
EXAMPLE 8 

[00531 Thin layer cell ionic transport conditions at steady-state are modelled for the ^^J^ 
»Ho„ obII The cell confiouration consists of two 1 mm thick lithium intercalation mesoporous hosts separated by a 20 

tne ceu ^nere jubi unu*. v. . r ~A/ rrrt 2 ^ r> OS sible as far as electrolyte performance Is concerned, 

above configurator,. ~™^ 8 ^^ .a^rs of about 10 pm. couid deiiver 

1™ man^TS SSTeSTiKSS 2 ££. « M Kthlum - bis (trifluorosu.fony.) imide that has 
:ZS^To^X#) than ,n the propylene carbonate case, and thus a lower LI* dKfuslon coefficent. 

EXAMPLE 9 

nancM »« In FIG. 6.. Tl» potentials ar.«*nr«««d dW "Undid. <** « <O.1»Vv>A0CI.DI m«W 

are respectively 240» C, 165°C and 152°C. 



EXAMPLE 10 



100581 A secondary electrochemical generator of the "rocking chair type with TiO a / LLMn^O 4 negsto* «* • positive 
Ltectrodes res^cUvely was obtained as described in Example 5. excepted that the separator laye (No 3 n FIG. 5) 
electrodes thickness and 60% porosity. This zlrconia layer prepared as 

Z^&IS^^^W 102. 1498-1507. dispiayed performance characteristics match- 
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Se^ 

cell as a whole during charge/discharge operation uses the same mechanism as when gas Is displaced from the space 
7toM««M»ii fiHing. Furthermore, for effective* accommodating of vo.umetric **W*™<**% 
discharge cycilng. the mesoporous electrodes and separator layers allow for electrolyte movement, but force gas ex- 
pulsion from the cell layered .2.3 In FIG. 5) by capillary filling of the pores by the l.qu.d electrolyte. 

EXAMPLE 11 Flexible electrochromic displey device. 

10059] A transparent mesoporous electrode consisting of a network of Interconnected semiconducting TiC^ nanoc- 
S (aCeSLe 1 5 nm) £s deposited onto a transparent conductive polymer (polyester, covered wUh ,nd.m tin 
oxide) according to the method described by example 3. The Ti0 2 film thickness was 4 micron. Becausetae sman size 
oTtheo^decry^ate is In the nanometer range.the film has an '^»^^ 1 ^^J^^^gSZ 
factor approaches about 500 for the 4-mlcron thick layer. A second porous insulator fl m of 5 to 10 micron th.cknes 
consfstinq of nanocrvstalline AUO, particles (size ca 20 nm) was deposited on top of the first layer as described h 
Se 4. The fi^was immersedfor two hours into a 2 xlO -4 M soiution of «Vf-ca^ 
e^Zl to adsorb a molecular layer of the viologen derivative on the surface of the Ti02 ne "^^J*?* 8 " 
acts as an electron relay. While uncolored In the oxidized state it turns blue upon reduction. In a simlar fashion a 
mesoplrTus el^rade consisting of a network of interconnected conducting Sn0 2 nanocrystals (average^ 10 nm) 
wasdeposited ontoatransparent conductive polymer (polyester, covered with Indium Unoxide) according to the method 
descS I by example 3. The Sn0 2 layer thickness was 5 micron. Because the small size of the ox.de crystals Is .n 
ienanometerrani 

750 for the 5-mlcron thick layer. The film was Immersed for two hours into the phosphonated phenothiaz.ne., for which 
[he sl-cture ^ g^en below. The phenothiezine self-assembles Into a molecular layer at the surface o the Sn0 2 na- 
nocSals under these conditions The phenothiezine acts eiso as en electron relay. White uncolored tn the reduced 
state it turns blue upon oxidation. 

30 uncolored red 



35 



40 



45 



50 



55 
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100601 After filling the pore volume of the two films by the room temperature molten salt electrolyte N-methy^N-ethyl- 
mSolium bistrifiylimide they are laminated in a sandwich-type fashion forming the -fff^^^J^ 
The device is switched within less than a second from an uncolored to a deeply colored state (opt.ca absorbance In 
I?^STranjS^ to 1) by application of a potential difference of 1.2 V to the two electrodes tead.ng to reduchon 
of thTSoJen at the cathode and' oxidation of the phenothiezine at the anode. The color of the film ,s bteached by 
reversing the potential. This cycle can be repeated many thousand times without ^f' c ^\f^^"^° r ^ 
ance. A memory effect lasting for more than 500 s is furthermore observed at open clrcurt following coloration. 

References cited: 
[0061] 

1. P. Barboux. J.M. Tarascon and F.K. Shokoohi. J. Solid State Chem.. 94[1].185-196 (1991). 
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2. C. Barrlga. A. Calero. J. Morales and J.U Tirade. React Solids. 7, 263-271 (1989). 
Claims 

1. An electrochemical cell comprising at least an electrode which is composed al least of: 

* ~v ~ ndoriai ih*t pxhlbits a mesoporous porosity, as measured by nitrogen poroslmetry 
. (a) a first electrode active material that exhibits a ^eso^rous p » ^ bei composed from 

vated temperatures; 

g VESSS^Z* operate assorted with the electrode acUve materia,. 

2. An electrochemical cel. comprising at least an electrode which Is composed at least of: 

. (a) a flrst e.ectrode active materia, comprising an- ^^^^^Z^^ 
oxohydride or thiocyanio add of non-tmnsrtion or tra <*^™f£*£ JfvB vS.^IB and VII, elements of 
selected from the group consisting of Group IB I VK, MB. H A >J^ V f^ 0 ^ r Xs porosity, as measured by 
the Periodic Table of Elements and t ^^'J^^E^^ material Ite characterized as 

or partial fusion at elevated temperatures; 

: g a a n^^ 

,. Ane.ectrochemlcalce,^^^ 

an electrolyte and an electrical ^ d ^ tonmeansop ^ we ^°°*^rr i ^e comprises a bimodal particle 

orptlon isotherm, and having a specific surface area of 0.1 m* /g to 500 m Ig. 
4 An electrochemical cell comprising at least: 

sized particles; 

b) a curable binder stabilizing the electrode. 

5 . An electrochemical cell according to any ^^ 4^ 

or colloidal dispersion of nanocrystalllne oxide, *rioogamte. J"*£J£ mhiated forms deposited at a 

lh iocyanic acid of ™*^££jg^ m ZX " ES "° a " ^ 

three dimensional bicontinuous structure consisting of: 

. an eiectrically interconnected soiid phase materia, used as e.ectrochemica, mediator and for electronic trans- 
, - ES^SSS* space M with e.ectro,yte used for ionic transport. 

7 r-s^ 
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and negative electrode constituting the electrochemical cell, said separator being selected from an Insulating ce- 
ramic material, such as Al^. S!0 2 . sllanlzed silica. Zr0 2 . Ta 2 O s or LiLao.35Tlo.55O3. 

8 An electrochemical cell according to any of claims 1 to 7 comprising an electrode, consisting of at least one elec- 
Code eSe layeTsaid layer being composed of nanocrystalllne transition metal oxide or chalcogenides or their 

a binding agent. 

a An electrochemical cell according to any of claims 1 to 8 wherein said organic binder Is used In a proportion of 

oTrature of atLstSO- C, selected from the group of polymers consisting of: polyvlnyhdene fluoride. P*^- 
^vilnr nuoronjbberfwhich is a terpolymerof tetrafluoroethylene. vlnylidene fluoride and hexafluoropropylene), 

E 3SS methacryllo acid <EMAA) copolymers, polyethylene (PE). polypropylene (PP . ^ n ^^ 
^nP^lvmers (EPDM) polyalkylene oxides, polybutylene. ionlcally cross-linked ethylene methacryllc acid 
ooToCe^Sy^frTbuTyl a^a e (EnBA) polymers, ethylene vinyl aoetate (EVA) polymers ethylene eth* acr- 
emylene methyl acrylate (EMA) copolymer, blsallylnadilmide or allylnadnmide polysul- 

fc n e s p o^ 

rnm«thvi a ted oolvarvlene ether ketones, acryloylated polyarylene ether ketones, polyacrylonrtrlle. a nitrite rubber. 
Z3!S££S!l Tmbfer a styren^diena rubber, po^therhn.des polystyrene ^JSSSS 
ethersulfones. acryloylated polyethersulfones. polymethyl methacrylate. a polysulfide rubber, cyanoethyl cellulose, 
methyl cellulose, and oligomer and blends thereof. 

10 An electrochemical cell according to any of claims 1 to 9 wherein said curable organic binder is ^rbWMv 
^bSdS an etectronic conductive materia, selected from the group consisting of a norvdoped o. -dop* 
SSteX inductive polymer, polythlophene. polyphenylene. polypyrrole. polyaoe^lene. PO^ionaph hene. 
pTanS polyethylenedloxythiophene (PEDOT), poly(phenylenevlnylene). electncally ™^ 
meHormed from acrylonitrile and the like, substituted derivatives thereof and co-polymers thereof a conductive 
parS TcarbTblacKflne particles of carbon, of graphs 

cartS f nanoTubes. ful.erenes. highly conductive colloidal metals and doped metal oxides, alloys of sa.d metals, 
metallic nano-fibers, and mixtures thereof. 

1 1 . An electrochemical cell according to any of claims 1 to 8 wherein said curable organic ^^^^l 
insltufrom monomer precursors selected ^hegmupofthiophene.ph^ 

ene, aniline, ethylenedioxythiophene. phenytenevinylene. acrylonrtrlle, non-doped, doped, substituted der.vatlves 
thereof and co-polymers thereof, by electrochemical or chemical polymerizauon. 

12 An electrochemical cell according to any of the claims 1 through 11 characterized in that the electrode active 
TayerSd optionally the insulating separator layer containing the binder matenal are ca st frorr , «, 

to viefd an assembly of mesoscopic particles characterized In that the subsequent curing of said parte es to 
So^uce a mechTnSlty stable, interconnected three dimensional network is assisted by electtoma 9 net.c rad-allon 
metavelengS radiation being se.ected from a range which Is most effects to bnng about 

the desired curing effect. 

13 An electrochemical cell according to any of the claims 1 through 12, characterized in that the curing of the elec- 
trode active layer and separator layer is assisted by UV radiation and ozone. 

14 An electrochemical cell according to any of the claims 1 to 13. wherein the electrode active layer and optionally 
fhe separate 

Shydroxte oxo-acid. oxohydride or thiocyanic acid of non-transition or transition metals, or their ^ttvated or 
S iithla ed forms, characterized in that the casting of said layer containmg the bmder .s carried out at a 
tempera tore below 60 »C on a electrically conducting support to produce a mesoporous part.Ce "7°«d 
forTe use as electrode in an electrochemical cell . said mesoporous electrode being subsequently dried at a 
temperature below the boiling temperature of the liquid used to prepare the dispersion. 

15 An electrochemical cell according to any of the claims 1 to 14. characterized in that the curing of the electrode 
Sve Ser and separator layer is promoted by the optical excitation of the particles Itself that const.tute he layer 
Soptica excitation resulting in an electronic transition generating electron and hole pa.r charge carries wthln 
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the particles, said charge carriers reacting subsequent* with the binder or another additive in a way to reinforce 
the crossllnking of the particle network. 

sure after the casting of said layer, 
plished at temperatures below 240 6 C 

electrode active material. 

19. An eiectrochemica. ceil according to any of the Calms 1 to 18. comprising a so.id flexibte mesoporous eiectrode 
of high surface area. 

20 An eiectrochemica. cel. according to any of the Cairns T to 19, characterized in that said mesoporous e.ec.rode 

is used as an electrode for a high power ion insertion battery. 
21. An eiectrochemica. cel. according to any of the Cairns 1 to 19. characterized .n that said mesoporous eiectrode 

Is used as an eleCrode for a high power supercapacltor 

trode. 

electrode in a photovoltaic cell. 

26. An electrochemica.cei.accordlngtoclaim3characterized in that itisempioyed in an ior, Insertion battery capable 
of delivering current in a Diphasic manner. 

from evaporation, sputtering, metallic powder blasting and metallic powder pnntmg. 
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Fig. 3A 
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Fig. 4 
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Fig. 6a 




Fig. 6b 
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Fig. 6c 
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Fig. 8a 
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